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I. INTRODUCTION

Experiments conducted in the E-beam Laser Labo ratory require the
setting of gas flows , pressures, and voltages in a timed sequence , to avoid
gas mixture explosion boundaries and radiation hazards to personnel. The
parameters of an experiment and the variation of the process va riable s
during an experiment impose a burden on the lab operators to read and
reco rd these dat a while setting control valves and vo ltage s to run the test .

A four-phase plan to automate the laboratory is contemplated:

I. Data acqui sition from sensors , with a computer summary
of the expe riment

II. Sampling wideband wavefo rms and recording dat a for com-
pute r analyses

Ill . Servo control of valve s and optical alignments for automatic
operation of the experiment

IV. Data communication to a central computer for analyses of
E-bearn test results

This report describes the realization of Phase I, which had four
objectives:

a. To sense and display the process variables digitally
b. To program a computer to input process parameters

interactively
c . To program a computer to acquire data during an experiment
d. To program a computer to print out test conditions and

results

Completion of Phase I obviates manual recording of test conditions or results.
It should aid in maintaining good te st records , and it should increase the
rate at which experiments can be conducted in the lab.

3 
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II. E-BEAM LASER LABORATORY

Figure 1 portrays , in block diagram form, the interaction among the

labo r atory ’s functional components. Operation of the E-beam laser requi re s
metering five gases into the laser chamber . Two protective barricades are
employed to hold mixtures of fluorine , oxygen , and helium. Hydrogen and
argon are then mixed with the barricade gases in a valve plenum and t rans-
ported to the laser chamber . The barricade used to initiate filling of the
laser chamber contains an oxygen-rich mixture to prevent a low-pressure
reaction between fluorine and h ydrogen. At a specified laser chamber
pressure, a switchover to the oxygen-lean barricade continues charg ing
the chamber. When an appropriate laser chamber pressure and gas mixture
is attained , an energetic flux of electrons triggers a chain reaction between
fluorine and hydrogen that causes lasing. The energetic electrons are
generated by the Pulserad accelerator system.

A dump tank provides a pressure relief volume for the exp losive
reaction that occurs in the lasin g process. It protects the complex cathode
structure in the electron gun from damage following a laser shot.

Figure 2 illustrates the two physically separated control and monitoring
areas. The “hood” area is adjacent to the laser chamber. Control valves
and displays are used to manually set conditions in the laser chamber for
tests. When appropriate conditions are set for an expe riment , all personnel
leave the hood area for the protected “console ” area , where the system
variables are monitored by digital displays and a Cromemco Z-ZD micro-
processor. The Pulserad charging system is set to a suitable acceleratin g
voltage, and depression of a “fire ” button causes the Marx generator to erect
and energetic electrons to irradiate the gas mixture in the laser chamber.
As the gases lase , there is an attendant electromagnetic pulse , which
induces noise voltages in the sensor system.

5
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Fi g. 1. E-Beam Laser Laboratory

HOOD AREA I
1. CONTROL VA LVES I CONSOLE AREA

1. PUISERAD CHARGING2. FLOWMETERS CAB LES I SYSTE M
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5. DISPLAYS I

Fig . 2. Control and Monitoring
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Fourteen analog sensors monitor the setup of an experiment :

a. Three Hastings mass flowmeters with an output signal
rang ing from 0 to 5 V

b, Five Consolidated Controls pressure transducers with an
output range from 0 to 30 mV

c. Three National Semiconductor pressure transducers with an
output range from 2 . ~ to 12 . 5 V

d. Two Hadron ene rgy meters with an output range from
O to 10 mV

e . One Omega temperature transducer with an output range
from 0 to 2 V

The high noise envi ronment and the varied sensor outputs require signal

conditioning by the netwo rk , which converts sensor .~utput s to acceptable

computer inputs.

I



III. DATA CONVERSION NETWORK

The high noise environment dictated that only analog signals would
link the hood and console areas. Due to space limitations, sensor powe r
supplie s had to be located in the console area. Signal lines from the sensors
we re shielded from powe r excitation line s to the sensors . The low band-
width of the signals between the hood and the console pe rmitted the extensive
use of capacitors to reduce high frequency noise pulses. Ground-strapping
was employed to minimize ground curre nt’s coupling unwanted signals into
the operational amplifiers that scale variables for input to the microcomputer.

A scaling and display system for the sensors is shown in Fig. 3. Sen-
sors output analog voltages proportional to physical variable s, which mu st be
digitized. Digitization of the variables can be effected with an analog_to _

digital (AID) conve rte r with B converter bits (the dynamic range of the result
is 2B counts). Design constraints specify a maximum voltage and a quantiza-
tion voltage level for the physical device; therefore , to employ the full

I F{OPERATIONA1AMPLIFIERHA
~~~tI

DATEL
DIG I TAL DISPLAY

Fig. 3. Data Conversion S
ystem9
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capability of the converte r , one must transform the maximum output of the
sensor to the design maximum voltage of the converter . Operational
amplifier networks provide the vo ltage adjustments. The Datel digital
displays convert analog voltages , in the range of 0 to 1. 999 V , to a di gital
count . To represent a physical variable , e . g . ,  a pressure of 14. 7 psia ,
the input to the display channel is adjusted to 1.470 V . Grounding a
selected pin places the de cimal point of the display at a chosen position;
thus , 14. 70 is achieved by grounding the pin for the second decimal point
position and represent s the pre ssure (in psia). Each disp layed variable
is realized in an analogous manner.

10
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IV . COMPUTER PROGRAMMING CONSIDERATIONS

Program development to meet the objective s of Phase I was strongly
influenced by a requirement to make it “user-oriented” for E-beam laboratory
personnel .  It was desired that it be easily modified as alternative operating
conditions for tests became necessary.  The BASIC programming language
meets the requirement for ease of comprehension and read y modification.
BASIC is an ideal language for  interactively inputing process parameters
and printing out test  conditions and results.  The creation of t iming loops
for data acquisit ion from the process sensors in BASIC is not readi ly
achieved. Fo rtunately, howeve r , the slow dynamic process allowed the use
of the Cromemco BASIC’ s SET and ON ERROR inst ructions to generate
real-time loops.

Figure 4 outline s the BASIC language program “LASER , ” whi ch was
written to monitor operation of the E-beam Laboratory. A listing of the
program , variable definitions, and port identifications is given in the
A ppendix.

Figure 5 i l lustrates the interactive dialog between operato r and com-

pute r to input test parameters. Test conditions of the previous expe riment

are input from a disc file and modified as necessary .  To illustrate , a
response to the f i rs t  question accept s the Jan. 5, 1979 , date as valid for

the current  test . An “n” response to the test time question permits the
te st time for the current experiment to be changed. If an “o ” response is

given to a question at any point in the interactive dialog, the input is assumed

to be complete , and the current  test conditions are writ ten onto a disc file .

The data acquisition routine is as follows:

a. Initiated by flow transient from first  barricade
b . At one-second intervals:

1. Reads flowmeters and pressures

2. Monitors mixer valve tempe r ature
— 3. Monitors dump tank pressure

-~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ U-- , ’ - -4
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I NTE R ACTIVE LY INPUT
21 TEST PAR AMETERS

ACQUI SI T I ON OF PROCESS
VARIABLES - CONTROLLED

BY TIMING LOOPS

I
COMPUTE GAS MIXTURE .
FLOWS . AND PRE SSURES

I
PRINT OUT THREE-PAGE

SUMMARY OF EXPERIMENT

Fig. 4. BASIC Language Program “LASER”

RUN
TEST DATE IS JAN 5. 1979 0K ?
? y

TEST DATE IS JAN 5. 1979

TEST TIME - 900 OK?
? n
NEW TIME 1300
TEST TIME 13(X) OK ?

TEST TIME 1300
BARRICADE I FILLED TO 258.5 TORR OXY GEN , 1809.5 TORR OXYGEN

PLUS FLUORI NE , AND 100 PS~A OXYGEN PLUS FLUORINE PLUS HELIUM - 01K ?
? n
OXYGEN 245
02 PLUS F2 1600
02 PLUS F2 PLUS HE 147
BARRICADE I FIL LE D TO 245 TORR OXYGEN . 1600 TORR OXYGEN

PLUS FLUORINE, AND 147 PSIA OXYGEN PLUS FLUORINE PLUS HELIUM - 01K ?
? o
PARAMETER SET-UP COMPI.EIE
READY TO BEGIN TEST 7??

Fig. 5. Interactive Dialogue

12
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c. Switches to second barricade

d. Pressure transient initiates new sampling interval:
1. Reads flowmeters and pressures
2. Monitors mixer valve temperature
3. Monitors dump tank pressure

e . Fire button
1. Terminates sampling
2 . Calculates gas composition
3. Acquire s data from 9- and 4-cm calorimeters

Figure 6 illustrates the resulting output print format.

13 
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E—BEAM LASER SHOT NO. 9002 JAN. 2,1979
TEST TIME 900

PAGE 1

E—BEAM PARAMETERS
SW I TCH PRESSURES DIODE AREA • 10 BY 100 CM
TRICATRON • 37.~~586 PSIA N2 A-K GAP — 2 CM
MARX • 26.8875 PSIA SF6 DIODE PRESSURE — 2E-0b TORR
PREPULSE • 72.0332 PSIA SF6 CHARGING VGLTAGE 70 XV
MASTER SWITCH GAP • 2 CM
WATER RESISTIVITY 1E.06 OHM—CM

SCOPE RECORDS

PULSE CHARGE •..a..aa..a..t .aa..a..ea.. .a...
• *
* *

VERTICAL * * HOPIZ
• *
* *

250 1KV/D I V  * * 200 MS/D I V
• *
* *

* a **** * * ** * *

TUBE VOLTAGE •** .ee*s * .a**a******a*a.*******
* *
• a

VERTICAL * * HOR I Z
* a

* *
160 1KV/DIV * * 50 MS/DIV

* a
a *
* ** * ** ** ** •• * a ** * * ** a**a

R000WSKI
a *
* *

VERTICAL * * HORIZ
* *

* a
15 1KV/DIV * * 200 MS/DIV

* a
a *

** a.. ** a... .a a. a .a.*a* a.. a

Fig. 6. Output Print Format

14
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E~ BEAM LASER SHOT NO. 2751 JAN 5,1979
TEST TINE 1300

PAGE 2

a... aaaa ** ...a**** a aa * **a.*... a..... a .** aa*a.a a*a.*•.*.a*

FOIL I NSTALLED NOV. 17,1977 SHOTS WITH FO I L  35

GAS HANDLING

FLUORINE BARRICADE I STORAGE VOLUHE It” USE — in GALS (37.11 5 LITERS )
BARRICADE I FILLED — DEC. 18,1978 TO 60 TORR OXYGEN , 760 TO~.R OXY G EN
PLUS FLUO R I N E , AND 147 PS I A OXY G EN PLUS FLUOR I NE PLUS HEL I UM

BARRICADE I COMPOSITION — 0.789484 t 02 9.21061. % F2 89.999 8 % HE
BARRICADE I PRES SURE S -

BEG I NN I NG — 128.2 PSIA END • 110.9 PSIA
PRESSU RE DROP — 17.3 PSI ELAPSED TIIIE — 310 SECS
DP/DT — 0.0558061. PSI/SEC F2 N IX FLOWRATE • 11.3.691 CC/SEC
TH ERE ARE 1~ SHOTS L I K E  THIS LEFT I N  BARR I CADE I

FLUORINE BARRICAD E II STORAGE VOLUI-’E IN USE • 10 GALS (37.115 LITERS)
BARRICADE II FILLET ) - DEC. 18,1978 TO 6 TORR OXYGEN , 760 TORR OXYGEN

PLUS F L U O R I N E , AND 11.7 PSIA OXYGEN PLUS FLUORINE PLUS HEI.I UIi
BARRICADE II COMPOSITION — 0.0789481. % 02 9.92118 ~, F2 89.9998 ~ HE
BARRICADE I I  PRES SURES —

BEGIN NING • 130.6 PSIA END • 113.1 PSIA
PRESSURE DROP — 17.5 PSI ELAPSED TIME — 310 SECS
DP/DT • 0.0561.516 PSI/SEC F2 MIX FLOWRATE • 11.5.352 CC/SEC
THERE ARE 4 SHOTS L I K E  THIS LEFT IN BARR I CADE I I

FLOW RATES PRESSURES

F2 MIX a 11.0.4 CC/SEC LASER CHAMBER • 801.5 TORR
H2 • 7 CC/SEC
AR • 84 CC/SEC

MIXTURE COIIPO$ITION

GAS PERCENT ATM TORR

ARGON 36.36 0.3831.53 291.421.
HELIUM 54.55 0.575281. 437.215
FLUORINE 5.57 0.0587412 44.6433
HYDROGEN 3.03 0.031951.4 24.2853
OXYGEN 0.486 5.12536E—C3 3.89527

Fig. 6. Output Print Format (Continued)

15
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E— BEAt I LASER SHOT NO. 273-8 .JAN 5,1~ 79‘TEST TIT lE 11.00
PAGE 3

. ... .. .. .a..* .a*. .* .a*. .****a**a..*a.* *a...a....*..*.a.*..a...**...aa.

LASE R OUTPUT

TIME (SECS) 9 CM CAL. (JOULES) TITlE (SECS) 4 CM CAL. (JOULES)

— 0.5 —128 —1.5 —12~
0 —128 0 —12 8
0.5 —128 1.5 —12 11
1 —12 8 3 —128
1.5 —12 8 4.5 —12 11
2 —128 6 —12 11
2.5 —12 11 7.5 —12 11
3 — 12C 9 —12 8
3.5 —12 8 10.5 —12 11
1. —128 12 — 128
4.5 —128 13.5 —128
5 —128 15 —128
5.5 —128 16.5 —12 11
6 —123 18 —12 11
6.5 —128 19.5 —12 11
7 —128 21 —12 11
7.5 —128 22.5 —12 11
C —128 24 —12 11
8.5 —128 25.5 —128
9 —128 27 —128
9.5 —12 8 28.5 —12 11
10 —128 30 —128
10.5 —128 31.5 —128
11 —128 33 —128
11.5 —128 34.5 —128
12 —128 36 —12 11
12.5 —128 37.5 —12 8
13 —128 39 —12 11
13.5 —128 40.5 —12 11
14 —128 42 —128
14.5 —128 43.5 —128
15 —12 8 1e5 —128
15.5 —128 46.5 —12 8
16 —128 1.8 —128
16.5 —128 49.5 —128
t7 —128 51 —128
17.5 —128 52.5 —12 11
18 —128 54 —128
18.5 —128 55.5 —128
19 —128 57 —128
19.5 —1211 58.5 —128

Fig. 6. Output Print Format (Continued)

16
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V. CROMEMCO Z-2D MICROCOMPUTER

The Z-2D machine emp loys the Z-80 microprocessor unit and has two
5-1/4-in. minidisc drives. It is an S-100 bus system. A 48k memory was
required to accommodate the disc operating system , the 16k Cromemco
BASIC , and the “LASER” program. Ninety-four  percent of the 48k memory
was utilized for the Phase I automation of the E-beam Laboratory.

Aux iliary S-t OO boards were used for input/output (I/O) . A 4FDC
disc controlle r board provided an interface between the disc and computer
memories and also linked an Anderson-Jacobson 841 selectric terminal
to the Z-2D bus for console I/O. A TU-ART board with two serial and two
parallel I/O channels was used; it contains ten interval timers. The AID
conversion process was effected with the D + 7A board. The system has
three boards allowing 2! channels of AID or DIA conversion. Calibration
of the D + 7A boards remained fixed ove r seve ral months of tests and
checks.

The hardware costs are estimated to be:

a. Cromemco computer:

1. Two 5-1/4-in , floppy discs
2. 48k-byte memory $5, 100

b. AID  conve rte r boards 750
c. Anderson-Jacobson selectric terminal 1, 100
d. 12 digital display channels 2,500

$9,450

17
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APPENDIX

A listing of the “LASER” program is given on the pages that follow.
Variables used in the pro g ram are defined in Table A-i. The linear
relationship between a physical variable and the count s read at a compute r
port is given by, e. g.,

P8 = CO *XO + XO(O)

where P8 represents the laser chamber pressure in torr , XO the counts
read at po rt 1 IH , CO the scale factor , and XO(O) the offset.

Table A-2 provides the port assignments and function definitions to
relate counts to physical variables. Note that the TU-ART switches are
the parallel A port (D4 H) and the parallel B port (74 H).

19
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LIST

5 OUT%00745,0
10 SFMODE : X—0.1234567C : IF X 0.123l.5678 THEN RUN
15 DIM Z$(15),W$(15),Y1$(15),Y2$(15)
20 DIM V2(2),fll(2),Q2(2),Q3(2)
25 OPEN~ 1~ ”TEMP1”30 GFT~ 1~N1,,H,1,H1,II2,PI.,V1,R1,,S1,S2 ,S3,Sk,S5,S6,T,N3,R1.,R5,R6
35 OPEN~ 2~ ”TrMP2”1.0 GET~ 2~ V2(1),V2(2),Q1(1),Q1(2),Q2(1),fl2(2),03(1),Q3(2)45 OPEN~ 3ø~”T(t1P3”50 GET~ 3~ ZS (—1),W$(—1),Y1$(—1) ,Y2$ (—1)55 CLOSE
60 SET 5,30000.0
65 Q”T(ST DATE IS “;Z $;” OK ?“
70 INPUT 0$
75 IF D$— ”o”THEN 860
80 IF fl$—”y”THEN 95
85 INPUT” NEU DATE “,Z$
90 GOTO 65 -

95 0
100 @“TEST DATE IS “;Z$
105 0
110 @“T EST TI ME • “;T; ” OK 7”
115 INPUT 0$
120 I F OS— ” o ” TIIFN 860
125 IF D$”y”THEN 11.0
130 I NPUT”NEW TIME “,T
135 GOTO 110
11.0 0
11.5 Q”TEST TitlE —
150 0
155 0”RARR I CADE I FILLED TO “;Q1(1);” TORR OXYGEN, “;02 (1);” TORR OXYGEN”
160 0” PLUS FLUORINE , AND “;Q3(1);” PSIA OXYGEN PLUS FLUORINE PLUS HELIUM — OK 7”
165 INPUT 0$
170 IF D$” o”THEN 860
175 IF D $ ” y”THEN 200
180 I NPUT”OXYGEN “,Ql(l)
185 INPUT”02 PLUS P2 “,Q2(1)
190 INPUT”02 PLUS F2 PLUS HE “,(13(1)
195 GOTO 155
200 0
205 @“BARRICAUE I FILLED TO “;Q1(1);” TORR 02, “;02 (1);” TORR 02 PLUS P2”
210 0” AND “;Q3(1);” PSIA 02 PLUS F2 PLUS HE”
2 15 0
220 @“BARRICADE II FILLED TO “;Q1(2);” TORR OXYGEN, “;Q2(2);” TORR OXYGEN”
225 @“ PLUS FLUORINE , AND “;Q3(2);” PSIA OXYGEN PLUS FLUORINE PLUS HELIUM — OK 7”
230 I NPUT D$
235 IF D$— ”o”THEN 860
21.0 IF D $ ” y”TIIEN 265
21.5 I NPUT”OXYGEN “,Q1(2)
250 I NPUT”02 PLUS F2 “,Q2(2)
255 I NPUT”02 PLUS P2 PLUS HE “,Q3(2)
260 GOTO 220
265 0
270 @“BARRICADE II FILLED TO “;Q1(2);” TORR 02, “;Q2(2);” ‘TORR 02 PLUS F?”
275 0” AND “;Q3(2);” PSIA 02 PLUS P2 PLUS HE”
280 0
285 @“BARR I CADE I FILLED ON “;Yl$;” BARR I CADE II FILLED ON “;Y2 $;” OK 7”
290 INPUT D$
295 IF D$— ”o”THEN 860
300 IF D$s”y”THEN 320
305 I NPUT”B— I FILL DATE “,Yl$

20 
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310 I NPUT”R— ’.$ FIL L DATE ~‘,‘~2$315 GOTO 285
320 0
325 0” C— I FILLED Oil “;Yl$;” B—I l FILLED ON “;Y2 $
330 0
335 @“FOIL INSTALLED “;W $;” HAS BEEN USED “;N3 ;” TIMES , OK 7”
31.0 I NPUT 0$
31.5 IF D$.”o”TIIEN 1160
350 IF D $ ” y”TIIEN 370
355 I NPUT”DATE”,W$
360 I NPUT”SIIOTS “,N3
365 GOTO 335
370 9
315 @“FOIL I NSTALLED “;W$;” HAS BEEN USED “;N3;” TIMES”
380 9
365 9”SIIOT 110 . — “;Nl;” OK ?“
390 INPUT 0$
395 IF D$.”o”THEN 1160
1.00 IF D $ ” y”TIIEN 1.15
405 I NPUT”UEW SHOT NO. — “,Nl
410 GOTO 385
1.15 0
420 @“ SHOT NO. •
1.25 0
1.30 ~“flIOflE AREA — “;H;” BY “ ;L;” CM • OK 7”
1.35 I NPUT 0$
1.40 IF D$” o”THEN 860
1.45 IF D$— ”y”ThEN 1.65
450 I NPUT’IIEW HE 10711 “,H
1.55 I NPIJT”UEW W I D T H  “ ,L
1.60 6010 1.30
465 9
470 @“DIODE AREA — “;II;” BY “;L;” CM”
1s75 9
480 @“MASTER SWITCh GAP — “;141;” CM , OK 7”
485 INPUT D$
490 IF D $ ” o”TIIEN 860
495 IF D $ ” y”TIIEN 510
500 INPUT” NEW GAP “.1(1
505 6070 1.80
510 9
515 @“MASTER SWI TCH GAP • “;Hl;” cM”
520 Q
525 @“A—K GAP • “ ;112 ;” CM , OK 7”
530 INPUT 0$
535 IF D$— ”o”THEN 860
5ljQ IF D$•”y”THEN 555
515 I NPUT”NE14 GAP “,HZ
550 GOTO 525
555 0
560 @“ A -K GAP — “;ft2; ” CM”
565 0
570 @“D IODE PRESSURE • “ ;P1.;” TORR • OK 7”
575 INPUT D$
5*0 IF D$.”o” THEN *60
585 IF D$s”y”TNEN 600
590 INPUT”NEW DIOflE PRESSURE “,P~595 GOTO 570
600 $
605 Q”OIOO( PRESSURE — “;P1.;” TORR”
610 0
635 *“CKARG ING VOLTAGE • “;V1;” ~V , OK 7”
620 INPUT 0$
625 IF 0$~~o”ThEN $60630 IF 0$•”y”THEN 6~5
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635 INPUT”NEW VOLTAGE “,Vl
61.0 6010 615
61.5 0
650 @“CHARG I NG VOLTAGE — “;Vl; ” KV ”
655 0
660 O”PULSE CHARGE SCALES — VERTICAL • HORIZ “;$1;” AND “:S2; ” OK 7”
665 INPUT 0$
670 IF D $” o”TIIEN 860
675 IF D$— ”y”TIIEN 695
680 INPUT” VERTI CAL “,Sl
685 I NPUT”hIO fth Z “,S2
690 GOTO 660
695 9
700 0”V ERT ICAL • “;Sl;” HORIZ •
705 0
710 Q”TUBE VOLTAGE SCALES — VERTICAL • HORIZ “;S3; ” AND “;S 1.;” OK 7”
715 I NPUT 0$
720 IF D$— ”o”THEN 860
725 I F D$” y”TIIEPI 71.5
730 I NPUT”VERTI CAI “,S3
735 INPUT” IIOIklZ “.54
740 GOTO 710
7 15 9
750 @“VERTICAL — “;S3 ;” HORIZ — “;SI.
755 0
760 @“ ROGOWS KI SCALES — VERTICAL , HORIZ “:55;” AND “;S6;” OK 7”
765 INPUT 0$
770 IF D$— ”o”TIIEN 860
775 IF D $ ” y”TIIEPI 795
780 INPUT” V ERT ICAL “,S5
785 INPUT” IIORIZ “,S6
790 6010 760
795 0
800 Q”V E RT ICAL — “;SS; ” IIORIZ — “;S6
805 0
810 @“ DARR ICAD ES — VOLUME I , VOLUME II IN GALS “;V2 (1);” AND “;V2 (2)
815 INPUT D$
820 IF D $ ” o”T)IEN 11110
825 iF D $ ” y ”THEN 81* 5
830 INPUT”VO IUt lE I “,V Z ( l )
835 INPUT”VOUJtI E Ii “,V 2 ( 2 )
840 GOTO 810
845 0
850 @“ VOLU?IE I — “;V2(1);” VOLUME II — “;V2(2 )
855 9
860 M1 N1.1
865 t43~ N3.1870 ERASE”T EI4P 1”
875 ERA~E”T El4P2”
880 ERASE”TET-1 P3”
885 CREAT E”T ET.IPl”
890 OPEN~ 1~ ”TEMP1”
€95 PUT~ 1~ 1-l 1,H,L,hI1,H2,PIe,V1,R1,S1,S2,S3 ,$4,S5 ,S6,T, T43,R4,R5,R6
900 CREATE ”TEI.1P2”
905 OPF.N~ 2~ ”TE MP2”
910 PUT~ 2~ V2 ( 1) ,V 2 ( 2 ) ,fl1(1) ,Q1(2),Q2(1) ,Q2(2 ) ,Q3( 1) ,Q3(2)
915 CREAT E”T EMP3 ”
920 OPEN~ 3~ ”TEMP3”
925 PUT~ 3~ Z$ (—l ) , W $ ( — 1),Y l$(—1) ,Y2$(— 1)
930 CLOSE
935 READ CO,C1,C2 ,C3,C1.,C5 ,C6,C7 ,C8
91.0 READ K5 ,K6 ,K7 ,K8,K9,XO ( O ) , X 1(0)
945 READ X 2(0) , X3 (0 ) , X 4 ( O ) , X 5 ( 0 ) ,X6 (0 ) ,X 7 ( O ) ,xs ( O )
950 READ YO (O),Y1(0),Y2(0),Y3(O),Yl.(O)
955 DATA 6 .3 5569 ,2 . 8 4 1 2 1 ,—f l . 1 3 3 2 7 ,— 3 . 3 ,—0 . 135 772 ,— 1 . n 4 167 ,1,l .l960 DATA 1,1,—O ,40625 ,—O ,6 8966 ,— 0.66 6 667 ,28 ,O65i1 5 ,o
965 DATA 0.68651*10~0,~Q,p,.~~J.
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970 DATA 0,0,0.075,0.217,0.69985
975 SET 5,30000.0
980 9 : 9 Q”PARAM(T ER SET—UP COMPLETE” : 9
985 @“ READY TO BEGiN TEST 7??”
990 INPUT 0$
995 IF D$— ”y”TIIEN 1005

1000 GOTO 990
1005 T 2 ( 1 ) — 0  T2 (2 ) 0
1010 C9— IUP (tOOl4%) : COS(IB 5150
1015 X5 (G)—C9 C9—ItlP (t0017%) : 6051.18 5150
1020 X6 ( 1) — C9  : CS INP( %0017 %) GOSUB 5150
1025 X6(2) C9 : 1—0
1030 9
1035 ON ERROR GOTO 101.0
1040 SET 5 ,10
1045 X3 (5)—X3 (6)
1050 C9—I NP ( %00 14~

) : GOSUR 5150
1055 X3 (6)—C9
1060 C9—IN P( t00 17%) GOSUR 5150
1065 X6(2)•C9 : C9 INP(~.OO13%) GOSUB 5150
1ti70 X2..C9 IF X2 >—1 Th EN 1080
1075 GOSUB 1.000
1080 IF ABS(X6(2)—X6(1))<5 THEN 1090
1085 GOSUB 5000
1090 IF ABS(X3(6)—X3(5)))5 Th EN 1110
1095 1—1 .1
1100 IF FRA(I/30)—0 THEN 1030
1105 INPUT Z
1110 @1
1115 X3(1)—0 : X1. (1)0 : X5 (1) 0
1120 X 3 ( 2 ) 0 : X 4 ( 2 ) 0 : X5 ( 2 ) 0
1125 C9—I NP ( t00125) GOSUR 5150
1130 X1 ( 2 ) — C9
1135 X1 (G)—X1 (2)
111. 0 9
111.5 ON ERROR GOTO 1150
1150 SET 5,10
1155 C9—INP(50O1lø~) GOSUB 5150
1160 X3—C9
1165 C9—INP( OO15~ ) : GOSUR 5150
1170 Xl.~ C9
1175 C9—INP(%00165) : 005DB 5150
1180 X5 — C 9
1185 X1(1) X1(2) : C9 INP (500125) GOSUB 5150
1190 X1(2) C9 : C9—INP (%0017%) : COSUB 5150
1195 X6(2) C9 : C9 INP(%0013%) 605DB 5150
1200 X2 C9 : IF X2 >— 1 THF.N 1210
1205 GOSUB 1.000
1210 IF ABS(X6(2)—X6(1))<5 THEN 1220
1215 GOSUB 5000
1220 IF ABS(X1(2)—X1(1)))2 THEN 1250
1225 T2(1)—T2(1).1
1230 IF T2(1)(20 THEN 121.5
1235 X3(1)•X3(1).X3 XI.(1) XI.(1)+X4 : X5 ( 1) .X 5 ( 1) .X 5
1240 IF FRA(T2(1)/30).0 THEN 111.0
1245 INPUT Z
1250 9
1255 X1 (7) X1(1)
1260 X3(9)—X3C1)/(T2 (1)—19) : Xl.(9).X4(1)/(72(1)—19)
1265 X5(9)—X5(1)/(T2(1)—19)
1270 D1— (X1(6)—X1 (7))/T2(1)
1275 X1 (8)—X1 (2)
1280 Y2C2)”O Y3(2)a0 Y1.(2)•O
1285 9
1290 ON ERROR 0010 1295
1295 SET 5,10

23

——

~ 

— - - - - - -~~- --~ 
_ - -  —-

~~~~~~
--_-------

~~
---- 

~~~——-—
~~~

-
~~~~~~~ -



-- ~~~~~~~~~~~~~~~ -- ~~~- - -~~~~~- -

1300 C9~ I P ~r(~~fl flh1~~) : (~0SIJR 5150
1305 Xfl=C 9 : X1 (1) X1(2)
1310 C9=ir’P (?~fl01 2~~) t~OSUP. 5150
1315 X1 (2) C’) : C’J INP(~~0(U1.’~,) : (OSUR 5150
1320 X5~’C9 C h l ~P(’~0fl15’~) COSUR 5150
1325 X 1.-C9 C ItlP( ’0O111~~) COSL 1B 5150 ’
1330 X~~=C 9 : C~~~INP(~~00h7~~) : COSUI1 5150
135 5 X 6 (2 )~~C9 (~q= ItJP (~~001R’~) GO5UR 5150
131.0 V2=C 9 : C9”IUP (~;0fl1Ct) COSUI3 5150
131.5 V3=C 9 : C9 IUPV;flO1fl~~) : GOSUC 5150
135 0 V 6=C 9 C9=it1P (t001E~~) : GOSUII 5150
1355 X 7=C 9 : C9~~It~P(~,001F~~) : COSUB 5150
1360 X8=C ’)
1365 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1370 IF U=125 THEU 11.1.0
1375 C9=I IIP (~~0013 ?;) C.OSUR 5150
1380 X 2 C 9 : IF X 2 ) — 1  TIIEPI 1390
13C5 GOSLJ B 1.000
1390 IF ABS (X6(2)—X6(1))<5 111(11 1405
1395 GOS LJ I3 5000
11*05 T2 (2)—T2(2)’l
11.10 IF T2 (2)<20 TIIEP’ 11.35
1415 X3 (2)=X3(2).X3 : X1.(2)X4(2).X4 X5(2).X5 (2)+X5
11.20 Y2 (2) Y2(2).Y2 : Y3(2) Y3(2).Y3 y4(2).Yls(2).Y4
11.25 X7 (2) X7 X8(7) XC
11.30 IF FRA (T2(2)/30)—0 T1IFII 1285
11.35 I NPUT Z
11.1.0 (~ : X1 (9)=X1 (1)
11.45 X3 (8)=X3(2)/(T2(2)—19 ) Xl.(8)~ XIe(2)/(T2 (2)—19)
11.50 X5(8)=X5(2)/(T2(2)—19) Y2(8)—Y2 (2)/(12(2)—19)
11.55 Y3 (8)=Y3(2)/(T2(2)—1~~) Y4(8)—Y4(2)/(T2(2)—19)
11*60 D2~~(X1(8)—X1(9))/T2(2)
11.65 DIII E’.(120).E9(120)
11.70 E1. (0)=C7’X7(2) E9(0) C8’X t.(2) : I 0
11.75 0
11.80 ON ERROfl COTO 11*I~5148 5 SET 5,5
1490 1= 1 + 1
11.95 C 9—iHP (?,001E~,) 605(26 5150
1500 Ele (I)=C7*C9
1505 C9 INP (t001F?~) C,OSIIR 5150
1510 E9(I )—C~ *C9
1515 IF 1—120 TIlE? ? 1530
1520 IF FRA (I/30)—0 THEN 11.75
1525 I NPUT Z
1530 0 : SET 5,0
1535 P8 C0.X0+XD(0) : P5(1) C1.X1(6) P6(1) C1*X1(7)
1540 P5(2) C1.X1(8) P6(2) C1 X1(9)
1545 P1—K8*Y3 (C)+Y3(0) P2 K1.Y2 (8)+Y2 (O) : P3•K9.Y1.(8).Y1e(O)
1550 R4 = C 3 ’ (X 3 ( 9 ) .X 3 ( 8 ) ) / 2 ,X 3 (0 )
1555 R5.C1..(X1.(9).XL(11))/2.X4(0)
1560 R6 — C5 ~ (X 5 ( 9 ) ,X 5 ( 8 ) ) / 2 .X 5( O )
1565 V 3 ( 1)—3 .7 85 .V2 ( 1)  : V 3 ( 2 ) — 3 . 785 .V2 (2 ) : Q7( 1)—S1.7.(~3( 1) : Q 7 (2 )—51.7 03(2 )
1570 04( 1)— 100*f l l( 1)/Q7 (1) QI.(2)s100.Q1(2)/Q7(2)
1575 Q5 ( 1)—100 ’ (Q2 ( 1)— Q 1(1))/Q7(1) : Q5 (2 ) . lOOe( Q2 (2)— Q 1(2 ))/Q 7 (2 )
1580 Q6(1)—100.O—Qt* (1)—Q5 (1) Q6(2) 100.0—Q1.(2)—Q5(2)
1585 P7(1)—P5 (1)—P6(1) : P7(2) P5(2)—P6(2)
1590 R2(1)—P7(1)/T2(1) : R2(2) P7(2)/T2(2)
1595 R3 (1)— 68,021aV 3(1)*R2(1) : R3(2) 68.027.V3 (2).R2 (2)
1600 112(1)=INT((P6(1)—30)/P7(1)) : N2(2) INT((P6(2)—50)lP7(2))
1605 L1— C3 .X3 (9) ’T2 ( 1)  : L2 C3•X3 (S).T2(2)
1610 J1—C5*(X5 (9).T2(1) .X5 (8).T2C2)) : ,Ik—C4.(X4(9).T2(1).Xh(8)ar2 (2))
1615 ~J2— L 1— ( 1.0—14 .7/760 .O~C12 (1)/Q3(1)).L2’(1.O—1h.7/7$0.O.Q2 (2)FQ3(2))1620 ~‘3—11. .7/760.O.(L1 .(q2(1)—Q1(1))/Q3 (1).L2 .(Q2(2)—ql (2))/Q3(2))1625 J5—1I..7/760.O.(L1*Q1(1)/Q3(1).L2.Q1(2)/q3(2))
1630 J6—J1+J2+J3.J1.+J5
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1635 A1•100.J1/J6 : A2 100 J2/J6 : A 3 1OO*J3/ ~J6 A4—100.J4/J6 A5.100.J5/J6
161.0 P9-P8/76000 .0
161.5 B1.A1.P9
1650 B2—A2 *P9 83.A3*P9 B1. AI. P9 B5.A5.P9
1655 C1—B1.760.0
1660 C2-B2.760.0 : C3 83 160.O : C4 81..760.0 C5—R5 760.O
1665 R1-1000000.0 : 9 : 9 9
1 6 7 0 Q : 9 : Q : 9 : @ : @ : @ ~~~ 9 : O
1675 O”E—BEAI-l LAS ER” ;TAD( 29); ”SIiOT PlO . “;N1;TAR (59);Z$
1680 @“TEST TitlE “;T
1685 @T A B ( 3 3 ) ; ”PAGE 1” 9
1690 91 * . .* * . .* * * * * * * * * * *e* *e a* * *e* .* * * * * * *e . a* .*a* . a .* .*e e e e e .• • •* a..~~e~~e.~ 0
1695 @“ E—BEAI LI PARAMETERS ”
1700 9” SWITCH PRESS1JRES” ’TA8(1.5)~ ”0IODE AREA — “;H;” BY “;I.;” cM”
1705 9” TRIGATRON — ‘,.fl.” PSIA N2”~ TAB (1e5) ”A—K GAP — “;H2 ; ” CM”
1710 9” MARX — ~~~~~~~~~ PSIA SF6” ;TAB(l.5); ”DiOfl E PRESSURE • “‘P1* ;” TORR”
1715 9” PREPULSE — “;P3~ ” PSIA 5F6 ” ’TAB (45 ) ”CIIARGING VOLTAGE — “;V1;” icy”
1720 9” MASTER SWITC H GAP • “~ H1~ ” CM”
1725 9” WATER RESISTIVITY — “;Rl;” OHM—CM”
1730 9 : Q TA B ( 3 7 ) ; ”SCOPE RECORDS ” 9
1735 QTAB(15);”PIJLSE CHARGF.”;TAD(30) ;“***.*...*.*e*..... ...e.e.. *...”
1740 QTAB(30);”*”;TAR (GO)’”*”
1745 @ T A B ( 3 0 ) . ”.”;TA B(6 0) . ”* ”
1750 QTAB (15)’”VERT I CAL ”’TAR (30);”a”;TAB (6O);”*”;” HORIZ”
1755 @ T AC ( 3 0 ) ~ ”~”~ TA B(60) ’” ”
1760 @TAB ( 3 0 ) ”.” TA B(6 0 ) ”.”
1765 @TAB ( 16 ) ’ S 1~ ” KV / DIV ” ;TAR ( 30 ) . ”e”;TAB (60) ; ”. “;S2; ” NS/ DIV ”
1770 OT AI3 (3 0 ) ;”;TAI3(60) ; ”.”
1775 QTAB (30);”~ ”;TAB (6fl);”*”1780 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 9 0 : 0
1765 QTAB (15);”TURE VOLTAGE”;TAB(30);”a***.***...*...ee..e....... a...”
1790 @ T A B ( 3 O ) • ”— ”~ T A f l ( 6 0 ) • ”.”
1795 @ T A B ( 3 0 ) ’ ”*” TA B(6 0) ; ”*”1800 OTA B( 15); ”VF. RTICAI”;TAB(30) ; ”a”;TAB(6 0) ; ”*”;” HOR1Z”
1805 QTAR(30);”*”;TAB (GG );”.”
1810 QTAB (30).”.”.TAR (60).”a”
1815 @TAC (16)’S3’” KV/D I V”;TAR(30);”a”;TAR(60);”* “;S4;” NS/DIV”
1820 @T AI3 (3 0 ) . ”*”;TA B ( G f l ) ’ ”a”
1825 OTA B(30 ) ; ”* ”;TA R (GO ) ; ”*”1830 9TAfl (3O) ;~ P .**.******** ea.... **..*a....... ~f 9 : 9 9
1835 @TAB ( 15 ) ; ” ROG OW S KI” ;TAB (3 0) ; ”*.a.*e.*........ *.*e..*e..*.*..”
1840 @TA R( 30 )~ ”* ” TA B(6O ) ; ”e ”
181.5 QTAB (30);”*”;TAB(60).”.”
1850 QTAB ( 15) ’ ”V ERT ICAL ” ;TAB (30) ; ”.”;TAB (6O ) 

~
“*“;“ HORIZ”

1855 Q T A C ( 3 0 ) ’ ”*”;TAC(6 0) ; ”.”
1860 @T AB ( 3 0 ) ; ”*”;TAB (6 0 ) ; ”e ”
1865 QTAB ( 16);S5;” KV/ DI V” ;TAB (30); ”.”;TAR ( 6O); ”* “;S6;” P4S/DIV”
1870 0TAB (3 0)~ ”*”;TAR(60 )~ ”*”1875 @TA B(3O); ”*”;TAB (60) ; ”*”1880 QTA g (3~ );~~***e***.*e.e***.......a..*.*...~I
1 8 8 5 @ : @ : Q : @ : @ : @ :9 : @ : @ : @ :9 : 9 : 9 : 9 : 9 : @ : 9
1890 @“E—BE A tl LASER” ;TAR(29);”SIIOT NO. “;N1;TAB (59);Z$
1895 0”TEST TIME “;T
1900 QTAB (3 3) ; ”PAGE 2” : 0
1905 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : B
1910 @“FOIL INSTA LLED “;W$; ” SHOTS WITH FOIL “;N3 . 9
1915 Q”GAS HANDLING” : 9
1920 @“FLUOR INE BARRIC ADE I STORAGE VOLUME IN USE • “;V2 (1);” GALS (“;V3(1);” LITERS )”
1925 Q”RARRICADE I FILLED — “;Yl $;” TO “;Ql (l);” TORR OXYGEN. “;02(1);” TORR OXYGEN”
1930 9” PLUS FLUORINE , AND “;Q3(1);” PSIA OXYGEN PLUS FLUORI NE PLUS HELIUM”
1935 @“BARRICADE I COMPOSITION — “:114(1);” % 02 “;QS(l);” 5 P2 “;fl6(1);” 5 HE”
191.0 9”BARRICAOE I PRESSURES —“

1945 0’BEG I NNING — “;P5(1);” PS I A”;TAB (50);”ENI) • “;P6(1);” PS I A”
1950 @“PRESSURE DROP — “;Pl (l);” PSI” ;TAB (30);”ELAPSED TIME • “;T2 (1);” SECS” 3
1955 $“DP/DT — “;R2 (1);” PS I /SEC” ;TAB (5 0);”F2 MIX FLOWRATE — “;R3(1);” CC/SEC”
1960 0”TI1ERE ARE “;N2 (1);” SHOTS LIKE THIS LEFT IN BARRICADE I” : 9
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1965 •“FLUOR INE BARRICADE II STORAG E VOLUME IN USE • “;V2 (2); ” GALS (“ ;V3 (2);” LITERS )”
1970 0”BARRI CADE II FILLED — “;Yt $;” TO “~Q1(2);” TORR OXYGEN , “ 02(2) ” TORR OXYGEN ”
1975 9” PLUS FLUORINE . AND “;Q3 (2);” PSIA OXYGEN PLUS FLUOR I NE PLUS HELIUM”
1980 0”BAR R ICADE II COMPOSITION — “jQh (t );” % 02 “~Q5(2 );” j  F2 “‘06 (2) ; ” 2 PIE”
1955 9”B ARRI CA DE II PRESSURES — “

1990 9” B EGINNING — “~ P5 (2);” PShA ”~TAB (30)”END — “ ;PS(2)” PSIA”
1995 9”P RESSURE DROP . “ P1(2); ” PSI” ,TA B(30)• ”ELAPSFII f iAt — “ ;T2 (2 ) : ” SEt S”
2000 9”OP/DT — “ R2(2 )~~” PS I /SCC” ;TA B(30)~ ” F2 MIX FLOW RATE — “;R3(2)~

1’ CC /SEC”
2005 9”THE RE ARE ” N2( 2)~ ” $11015 LIKE THI~ LEFT IN BARRICA DE I I ”  : 9 ’
2010 9”FLOW RATES”~TAB(30);”PRES$*JRES” : 9
2015 0” Ft NIX — “.~~~~~ .“ CC/SEC”;TAB(30);”LASER CHANBFR — “;PS;” TORR”
2020 9” P42 • “ R5;” CC /SEC”
2025 9” AR — “~R6; ” CC/SEC” : I
2030 •“MIXTURE COMPOSITION ” : I
2035 9” GAS” “PERCENT”,” ATM” “ TORR ” : I
20h0 9” ARGON” A1, B1,C1
20%5 9” HELIUM ’,A2 .82 .C2
2050 9” FL UORINE ” • A5 ,B3 ,C3
2055 9” HYDROGEN ”,A1.,B1.,C~
2060 9” OXYGEN ”,A5 ,85,C5
2 0 6 5 9 : 9 : 0 : 9 : 9 : 9 : 9 : 9 : 9 : 9 , 9 : 9 : 9 : 9 : 9 : 9 : 9 : 9 : 9: 9 1 9 1 9 : 9 : 9
2070 9”E—BEAS4 LASER ” TAB (29)~ ”SI-IOT NO. “~N1 TAB (59);Z$
2075 0”TEST TIME “ST
2050 ITAB (53) ”PAGE 3” : S
2055 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : I
2090 9 : @TA B ( 3 3 ) ; ”LA SER OUTPUT” : I : I
2095 9” TIME (SEtS) S ~M CAl. . WOULES) T IME (SEtS) ~ CM CAL . (JOULES)”
2100 0
2105 FOR .0 10 ~O
2110 @T A B ( 6 ) ; ( 0 . 5 . I — O . 5 ) ; T A B ( 2 1 ) ; E 9 ( I  );TAR(~~);(1.5 .I—1.5);TAN(S9);F ~(3.I)
2115 NEXT I

2125 END
~O00 @“DUMP TANK PRESSURE HIGH ”
4,005 OIJ T$007I. %,%OO FF%
4,010 STOP
~01S RETURN
5000 0”MIXER VALVE OVERTEMPERATURE ”
5005 OUT5001h%,%OOFF%
5010 STOP
5015 RETURN
5150 iF C9<12$ THEN 5170
5160 C9—C 9—256
5170 RETURN
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Table A-I. Nomenclature

P0 Dump tan k pressure , psia

P1, NZ Trigatron pressure , psia

P2, SF6 Marx pressure, psia
P3, SF6 Prepulse pressure, psia

HI Master switch gap, cm

RI W ater resistivity, ohm-cm

H Diode height , cm

L Diode length, cm

HZ Anode-cathode (A-K) gap, cm

P4 Diode pressure, torr

Vi Chargin g voltage , kV

K Mixer valve tempe r ature , ‘C
TI Elapsed time , Sec

T2 ( i )  Barricade I use time , sec

TZ(Z) Barricade 11 use time, sec

R3 (1) ,  R3(2 ) Fluorine mix flow rates , cc / sec

N Z ( i ) ,  N2 (Z)  Shot s remaining, integer

P8 Laser chamber pressure, torr

R4 ( 1) , R4(2) Fluorine mix flow rates , cc/sec

R5 Hydrogen flow rate , cc /sec
R6 Argon flow rate , cc/ sec
V 2 ( i ) ,  V Z (Z )  Fluorine mix storage volumes, gal

V 3 ( I ) ,  V3 (Z)  Fluorine mix storage volumes, 1

E9 9-cm calorimeter , 5
E4 4-cm calorimeter, j

Si-S6 Scope sensitivities

N i Shot number

Q i ( i ) ,  Q i ( 2 )  Barr icade , 
~~~ 

to rr
02(1), QZ(Z)  Barricade , + F2, torr

Q3(I ) ,  Q3(2) Barricade , 02 + F2 + He , psia

N3 Shots with foil 
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Table A-2.  Port Definitions

Function Analog Input/Ports Offset Counts Scale
Factors

Laser Chamber Pressure DB 10 Pin 4 XO(0) X 0 CO
Port IIH

Barricade DB 10 Pin 5 X 1(O) X 1 CI
Port 12 H

Dump Tank DB 10 Pin 6 XZ(0)  X 2 CZ
Port 13 H

F2 Mix Flow DB 10 Pin 7 X3(O) X 3 C3
Port 14 H

H2 Flow DB 10 Pin 8 X4(0) X 4 C4
Port 15 H

Ar Flow DB 10 Pin 9 X5(0) X 5 C5
Port 16 H

Analog Temperature DB 10 Pin 10 X6(O) X 6 C6
Port 17 H

Diluent DB 18 Pin 4 YO(O) Y 0 KS
Port 19 H

Ri Pressure DB 18 Pin 5 Y i ( 0 )  Y I K6
Port IA H

Marx Pressure DB 18 Pin 6 Y 2 (O)  Y 2 K7
Port lB H

Tr i gatron Pressure DB 18 Pin 7 Y3(0) Y 3 K8
Port IC H

Prepulse Pressure DB 18 Pin 8 Y4(0) Y 4 K9
Port iD H

4-cm Calorimeter DB 18 Pin 9 X7(O) X7 (m) C7
Port IE H

9-cm Calorimeter DB 18 Pin 10 X8(O) X8 (m) C8
Port IF H
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